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Using X-ray magnetic circular dichroism (XMCD) measurements, we explore the possible existence
of induced magnetic moments in thin Pt films deposited onto the ferrimagnetic insulator yttrium iron
garnet (Y3Fe5O12). Such a magnetic proximity effect is well established for Pt/ferromagnetic metal
heterostructures. Indeed, we observe a clear XMCD signal at the Pt L3 edge in Pt/Fe bilayers, while
no such signal can be discerned in XMCD traces of Pt/Y3Fe5O12 bilayers. Integrating the XMCD
signals allows to estimate an upper limit for the induced Pt magnetic polarization in Pt/Y3Fe5O12
bilayers.
PACS numbers: 78.70.Dm, 75.70.Cn, 75.50.Dd, 81.15.Fg
Pure spin currents are a fascinating manifestation
of spin physics in the solid state.1–6 Experimentally,
the generation or detection of spin currents is often
based on the interconversion of spin and charge cur-
rents, taking advantage of the spin Hall or the in-
verse spin Hall effect, respectively.1,3,4,6 This makes nor-
mal metal/ferromagnetic metal (NM/FMM) or normal
metal/ferromagnetic insulator (NM/FMI) heterostruc-
tures very attractive.7 In so-called spin pumping4,5,8,9
or spin Seebeck experiments,6,10–13 the magnetization in
the ferromagnetic constituent is driven out of thermal
equilibrium, and the ensuing spin current into the nor-
mal metal (NM) layer is detected via the corresponding
inverse spin Hall electrical current in these heterostruc-
tures. Hereby, the paramagnetic NM layer is commonly
considered as ’non-magnetic’ in the sense that its spin po-
larization is negligibly small, such that magneto-resistive
or magneto-thermo-galvanic effects in the NM layer can
be safely ignored.6,14 This assumption appears reason-
able for NM/FMM bilayers, in which the unavoidable
magneto-thermo-galvanic response of the FMM layer
dominates. In contrast, for the case of NM/FMI struc-
tures, the absence of an induced spin polarization in the
NM layer and thus the complete absence of magneto-
thermo-galvanic effects in the FMI such as the anoma-
lous Nernst effect are considered as an advantage and
even exploited for the interpretation.6,14 Very recently,
magnetic proximity effects in NM/FMI structures were
inferred from electrical and thermal magnetotransport
measurements.15 Thus, a careful investigation of a possi-
ble finite induced magnetic polarization in the NM layer
in NM/FMI heterostructures is essential for the correct
interpretation of spin current related phenomena. In
NM/FMM heterostructures and alloys using 3d and 5d
elements, the presence of an induced spin polarization
in the NM layer in proximity to the interface has been
observed by X-ray magnetic circular dichroism (XMCD)
experiments.16–20 To our knowledge, no such investiga-
tions have been performed in NM/FMI heterostructures.
In this letter, we report on XMCD measurements in
NM/FMI bilayers, composed of the ’non-magnetic’ metal
Pt and the ferrimagnetic insulator yttrium iron garnet
(Y3Fe5O12, YIG). For comparison, we also investigated a
Pt/Fe (NM/FMM) bilayer as a reference sample. While
a clear XMCD signal at the Pt L3 edge in Pt/Fe un-
ambiguously demonstrates the presence of spin-polarized
electrons in the Pt layer, no such signal could be re-
solved in within the sensitivity of the experiment. How-
ever, integrating the XMCD signal in the sample with the
thinnest Pt layer studied, we estimate an upper limit for
the induced total magnetic moment, which is at least 30
times smaller than in the Pt/Fe reference sample. A sim-
ilar evaluation in Pt/YIG samples with thicker Pt layers
yields no finite integrated XMCD signal.
A series of Pt/YIG bilayers was fabricated by laser-
MBE and subsequent electron-beam evaporation in
ultra-high vacuum on (111)-oriented, single crystalline
Y3Al5O12 (YAG) substrates. First, the YIG thin film
was epitaxially grown via pulsed laser deposition (PLD)
from a stoichiometric, polycrystalline target using a KrF
excimer laser (λ =248 nm) with a laser fluence of 2 J/cm2
and a repetition rate of 10 Hz. The deposition was carried
out in an oxygen atmosphere at a pressure of 25µbar and
a substrate temperature of 500◦C. Second, the polycrys-
talline Pt layer was deposited in-situ without breaking
the vacuum on top of the YIG thin film using electron-
beam evaporation. We here investigate three samples
with similar thickness of the YIG thin film (∼ 62 nm)
and different thicknesses (3 nm, 7 nm, 10 nm) of the Pt
layer. For comparison, we fabricated a polycrystalline
Pt(10 nm)/Fe(10 nm) reference sample solely by electron-
beam evaporation in ultra-high vacuum.
All bilayer samples were characterized with respect to
their structural and magnetic properties. X-ray diffrac-
tion measurements reveal no secondary phases in the
thin films. Furthermore, the rocking curves around the
YIG(444) reflection display a full width at half maxi-
mum of about 0.1, indicating a moderate mosaic spread
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FIG. 1. Normalized XANES (symbols) and corresponding
normalized XMCD signal (line) from a Pt(3 nm)/YIG bilayer
at the Fe K edge. The XMCD spectrum is multiplied by a
factor of 300 for clarity.
of the YIG thin films. This can be mainly attributed
to the lattice mismatch between the YIG thin film and
the YAG substrate of about 3%. However, the surface
roughness of the YIG thin films was found to be lower
than 1 nm (rms value). The magnetic properties were
investigated using superconducting quantum interference
device (SQUID) magnetometry. For plain YIG thin films
deposited on YAG substrates, we obtained a saturation
magnetization of M = 110 kA/m close to the bulk value
of MYIGs = 143 kA/m
21 at room temperature. In the
Pt/YIG bilayers, Ms is further reduced, which might be
explained as a result of interdiffusion of Fe and Al at
the interface between the YIG thin film and the YAG
substrate during the deposition of Pt.22
To further investigate the magnetic properties of the
Pt/YIG bilayers in particular with respect to induced
magnetic moments in the Pt layer, we present a compre-
hensive study taking advantage of the element-specific
XMCD technique in the following. The measurements
were performed at the European Synchrotron Radiation
Facility (ESRF) at the beam line ID12 using the total flu-
orescence yield (TFY) detection mode. X-ray absorption
near edge spectra (XANES) were recorded at the Fe K
(7112 eV) and the Pt L3 edge (11564 eV) with right and
left circularly polarized light as well as positive and neg-
ative magnetic fields applied. An electro-magnet, which
allows to flip the magnetic field direction at each point of
the incoming photon energy, was used to apply magnetic
fields of ±60 mT parallel to the direction of the incoming
X-ray beam. The samples were placed in the center of
the magnet under a small angle of around 15◦ between
their surface and the incoming light. Several spectra were
recorded to improve the signal-to-noise ratio and normal-
ized to an edge jump of unity. The normalized and aver-
aged spectra were then used to calculate the XMCD sig-
nal as the direct difference between consecutive XANES
recorded either with right and left circularly polarized
light or while applying positive and negative magnetic
fields. We note that the XMCD measurements presented
in the following therefore give access only to the projec-
tion of the magneticzation onto the external magnetic
field (viz. X-ray beam) direction. A possible magnetic
moment perpendicular to the X-ray beam direction is
then hardly detectable.
Figure 1 shows the normalized XANES and the cor-
responding XMCD spectrum at the Fe K edge from the
Pt(3 nm)/YIG bilayer. The XANES exhibits two notable
features: the pre-edge peak located at ∼7115 eV and the
main edge at ∼7130 eV.23 The pre-edge structure, which
is attributed to Fe3+ ions occupying the tetrahedrally co-
ordinated sites,24,25 dominates the XMCD signal (cf. line
in Fig. 1). Comparing the signals with corresponding
spectra from YIG single crystals23 reveals no qualitative
differences. This fact further demonstrates the high qual-
ity of our YIG thin films, in particular with respect to
the Fe coordination.
To probe a possible induced magnetic polarization
in the Pt layer of Pt/YIG (NM/FMI) and Pt/Fe
(NM/FMM) samples, XANES are recorded at the Pt
L3 edge, which is known to show a larger XMCD signal
than the L2 edge.
16 Figure 2(a) displays the normalized
XANES (symbols) for three Pt/YIG bilayers with differ-
ent thicknesses of the Pt layer. Some spurious peaks are
caused by elastic diffraction from the YAG substrate and
marked by asterisks. The fine structure of the XANES is
often used as a ’fingerprint’ for possible oxidation of the
Pt layer.26–28 However, from the recorded XANES, no
clear evidence for the formation of platinum oxide, which
becomes apparent in a stronger white-line intensity and
differences in the intensity profile of the post-edge region,
could be found in our Pt thin films deposited on top of
YIG. Thus, outward diffusion of oxygen from the YIG
thin film into the Pt layer as well as oxidation effects at
the Pt surface can be discarded.
After averaging up to 34 single XANES per Pt/YIG
sample with different helicity of the X-rays and different
magnetic field directions, the XMCD signal for each bi-
layer was calculated [cf. lines in Fig. 2(a)]. As evident
from Fig. 2(a), the XMCD spectra do not show indi-
cations for a finite XMCD signal at the Pt L3 edge, not
even, apparently, in the sample with the thinnest Pt layer
exhibiting the largest interface-to-volume ratio.
To cross-check our experimental approach and to con-
firm earlier XMCD results from Pt/Ni multilayers16 or
PtFe nanoparticles,29 XANES and XMCD spectra were
recorded at the Pt L3 edge from the Pt(10 nm)/Fe(10 nm)
reference sample. Figure 2(b) reveals almost no differ-
ence between the XANES from Pt(10 nm)/Fe (cf. open
symbols) and from Pt(10 nm)/YIG (cf. full symbols).
This further demonstrates, that no alteration of the Pt
layer due to oxidation takes place in the Pt/YIG bilay-
ers with respect to the Pt/Fe sample. However, in con-
trast to the Pt/YIG bilayer [cf. solid line in Fig. 2(b)],
a clear XMCD signal is detected in the Pt/Fe bilayer
[cf. dashed line in Fig. 2(b)]. This result unambiguously
3demonstrates the presence of induced magnetic moments
in the Pt layer deposited on Fe, which is in agreement
with earlier XMCD results.16,19 The data published in
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FIG. 2. (color online) (a) Normalized Pt L3 edge XANES
(symbols) and XMCD (lines) spectra from Pt/YIG bilay-
ers with different Pt thicknesses: 3 nm (black), 7 nm (red),
and 10 nm (blue). Diffraction peaks are marked by aster-
isks. (b) Corresponding XANES and XMCD signal from
a Pt(10 nm)/Fe bilayer (open symbols and dashed line).
The normalized XANES (full symbols) and XMCD spectrum
(solid line) from the Pt(10 nm)/YIG bilayer is shown for com-
parison. For better illustration, all XMCD spectra are multi-
plied by a factor of 100. (c) Corresponding integrated XMCD
intensity. Before the integration, a small background slope
was subtracted from the spectra. The integrated intensity of
the Pt(10 nm)/Fe bilayer was multiplied by a factor of 0.1
(dashed line).
the literature also shows that the moments induced in
Pt are basically located close to the Pt/FMM interface,
while the induced polarization rapidly decays exponen-
tially with increasing Pt thickness.30 However, as obvious
from Fig. 2(b), a clear XMCD signal could be resolved
even in Pt/Fe bilayers with a large thickness of the Pt
layer of 10 nm. To extract the total moment µt of Pt
via the standard magneto-optical sum rules, the XMCD
intensity is integrated [cf. dashed line in Fig. 2(c)] and a
ratio of the orbital magnetic moment µl and spin mag-
netic moment µs of µl/µs = 0.131
29 is assumed.31 This
calculation yields an averaged total magnetic moment µt
of µt = (0.0325 ± 0.0004)µB per Pt atom in the Pt/Fe
bilayer, which is comparable to similar experiments.30
In Pt(10 nm)/YIG and Pt(7 nm)/YIG, however, the
integrated Pt XMCD signal shows no obvious evidence
for induced magnetic moments within the experimental
detection limit. In contrast, the integrated XMCD inten-
sity of the Pt(3 nm)/YIG sample reveals a tiny possible
XMCD signal [cf. black line in Fig. 2(c)], which is about
ten times smaller than the integrated XMCD signal from
the Pt(10 nm)/Fe bilayer. At present, it is not possible
to assess clearly whether this finite integrated intensity
is indeed due to a presence of an induced magnetism in
the Pt layer, or whether it is an experimental artifact,
since the signal magnitude is comparable to the detection
limit. Note, however, that if a robust induced polariza-
tion would be present in Pt, one would expect integrated
XMCD signals from the 7nm and 10nm samples of about
one half and one third the amplitude of the 3nm sam-
ple signal, which is not consistent with the experimental
data in Fig. 2(c). Taken together, the L3 edge XMCD
data from Pt/YIG bilayers compiled in Fig. 2 therefore
do not allow to rule out the presence of an induced spin
polarization in the Pt layer. However, from the inte-
grated XMCD signal in the Pt(3 nm)/YIG sample, we
estimate an upper limit for the induced total magnetic
moment of (0.003± 0.001)µB per Pt atom averaged over
the layer thickness.32 Note that a field-induced moment
due to paramagnetism in Pt was found to be 0.0011µB
per Pt atom and per tesla.33 Therefore, this contribu-
tion is negligible and can not explain our experimental
findings. If we consider that only the first layer of the
Pt thin film is polarized, then the Pt atoms at the inter-
face would carry an induced moment, which is at least 30
times smaller than that of the Pt atoms at the interface
in Pt/Fe bilayers.
This result appears reasonable considering that in
NM/FMM heterostructures, (spin polarized) charge car-
riers can propagate from the ferromagnet into the ’non-
magnetic’ normal metal and back, such that a finite
spin susceptibility and a finite spin polarization builds
up close to the interface. In contrast, in NM/FMI het-
erostructures, charge carriers can not penetrate into the
insulating ferromagnetic layer. One might thus naively
expect a substantially reduced or even vanishing spin po-
larization in the ’non-magnetic’ metal, in agreement with
our experimental observations. However, we would like
to emphasize again that the XMCD measurements pre-
sented here are sensitive only to the projection of the
4magnetic moment onto the X-ray beam direction. To
draw conclusive statements about induced moments in
NM/FMI heterostructures, XMCD measurements sensi-
tive to both the moment along as well as perpendicular
to the beam direction are mandatory. Furthermore, more
systematic investigations as a function of the NM and the
FMI layer thickness would be desirable.
In summary, taking advantage of the element-specific
XMCD technique, we have investigated the possible oc-
currence of induced magnetic moments in Pt films de-
posited onto the ferromagnetic insulator yttrium iron
garnet (YIG). For comparison, we also recorded the
XMCD signal of a Pt film deposited onto a ferromag-
netic metal (Fe). While a large magnetic dichroism
was detected at the Pt L3 edge in the Pt(10 nm)/Fe
(NM/FMM) bilayer evidencing the presence of induced
magnetic moments in Pt, our data show no evidence of an
induced Pt magnetic polarization in Pt/YIG (NM/FMI)
bilayers with a Pt thickness of 10 nm and 7 nm. A small
but finite integrated XMCD signal appears to be present
in the Pt(3 nm)/YIG sample. Our data thus show that if
a finite moment is induced in the Pt at all, it is at least
30 times smaller than in the corresponding Pt(10 nm)/Fe
reference sample.
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